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ish translation on page 215 , line 5 to page 218, Fig. -6. 

2. BPSG film 

2.1 Reflow characteristics 

BPSG film is more suitable than BSG film as an interlayer 
insulation film, since the film is free of gettering effect on 
mobile ions which are a problem in BSG (boronsilicate glass) 
film, and also the film can improve devitrification phenomenon 
caused by reaction with moisture in the region of high 
concentration boron . 

The method for forming BPSG film include atmospheric pressure 
CVD (chemical vapor deposition) low-pressure CVD, plasma CVD. 
Since film properties of BPSG prepared by each method are 
somewhat different with one another, reflow of the films are 
also different a little. The differences are, however, less 
than dependency of boron and phosphorus concentrations. 

Table-1 Production method of low-temperature reflow film and 
reflow properties . 



film 


Production method 


Concentration 
(mol%) 


Reflow properties 


Docu- 
ment 


BPSG 


Apmopspheric pressure CVD 
(SiH 4 , PH 3 , B 2 H 6 , 0 2 ) 340-430 s C 


4 . 4%P 2 0 5 - 14 . 3%B 2 0 3 
7.2%P 2 0 5 -8.6%B 2 0 3 


Reflow temperature 800-825 8 C (in 

steam} , 825-850 e C (in N 2 ) 

8 50 e c, 30min, up to 5 0 e of reflow angle 


6) 
7) 


Low pressure CVD (SiH 4 , PH 3 , 
B 2 H 6 , 0 2 ) -425 5 C 
Low pressure CVD {TEOS, PH 3 , 
TMB) ~680 S C 


4 . 4%P 2 0 5 - 10%B 2 O 3 
3. 4%P 2 0 5 - 16%B 2 0 3 


925 9 C, 30min in steam, Good shape 

800 2 C, 60min r in N 2/ up to 50 9 Of reflow 
angle 


8) 
9) 


Plasma CVD <SiH«, PH 3/ B 2 H 6 , 
N 2 0, 0 2 ) 300-380 9 C 


5. 5%P 2 0 5 - 14 . 3%B 2 0 3 
4 . 6%P 2 0 5 - 16. 3%B 2 0 3 


820°^ 30min, in steam, 50 c of reflow 
angle 

920 2 C, 30min, in steam, 90% 
plana rizat ion 


10) 
11) 


Spin on (Organic silicone, 

p 2 o 5 ) 


4 . 4%P 2 0 5 - 11 . 5%B 2 0 3 


940 fi C, 20min, in N 2 , 50 s of reflow angle 


12) 


Thermal diffusion method 
PSG film plus B 2 0 3 source 


4 . 4%P 2 0 5 


750 fi C # B 2 0 3 , 1,000A, 50 s of reflow angle 


13) 


BSG 


Apmopspheric pressure CVD 
(SiH«, B 2 H 6/ 0 2 ) ~430*C 


-19% B 2 0 3 


Reflow temperature 800-825 s C (in steam) 
825-850 fi C (in water) 


6) 


AsSG 


Apmopspheric pressure CVD 
<SiH 4 , AsCl 3 , 0 2 ) ~400 C C 
Apmopspheric pressure CVD 
(SiH 4 , AsH 3 , 0 2 ) ~450 fi C 


-20% As 2 0 3 
-17% As 2 0 3 


850 2 C, 20min in N 2/ Good shape 
800 S C, 15min in steam, Good shape 


14) 
15) 


AsPSG 


PSG (Apmopspheric pressure) 
plus As ion implantation 


-8% P 2 O s 

As -5x10 l6 cm" 2 


800 2 C, 180min in 0 2 + N 2/ Good shape 


16) 


PGSG 


Apmopspheric pressure CVD 
(SiH 4 , GeH 4 , PH 3 , 0 2 ) ~420 S C 


-5% P 2 O s 
-43% Ge0 2 


800 8 C, 30min in N 2/ Good shape 


17) 


Si-Ge 


Low pressure CVD <SiH 4 , GeH 4 , 
B 2 H 6 ) -4 50 C C 


Ge/Si=3-5 


750 8 C, in steam. Good shape 


18) 



Fig.-l shows relation between reflow angle and concentrations of 
phophorus and boron. As to BPSG film, reflow angle is syarply 
decreased along with increase of boron concentration, in 
comparison with PSG film (marked by " • " in the figure). 
Fig. -2 shows temperature dependency of reflow angle in the range 
of 850 to 950 °C. It is possible to obtain good shape even 



below 850 °C. 

Degree of influence on reflow between phosphorus and boron 
doped amounts can be compared by mol%, since BPSG film has a 
structure of (Si0 2 ) x * (P2O5) y - (B 2 0 3 ) z . Fig. -3 shows the relation 
between reflow angle when treated at 900°C for 30 min under N 2 
atmosphere and (P2O5 + B 2 0 3 ) moll. Reflow angle is substantially 
determined by sum of P 2 0 5 mol% and B 2 0 3 moll. The effect of doped 
phophorus and boron atoms on reflow properties are substantially 
the same. Therefore, total doped amount of phosphorus and boron 
are determined by certain reflow angle. For example, in order 
to obtain 50° of reflow angle, required sum of molar 
concentration are 12 moll at 950 °C, 14 moll at 900 °C, 18 moll 
at 850 °C, respectively. 

The results under N 2 atmosphere are demonstrated above. BPSG 
film, similar to PSG film, tends to reflow easily under steam 
atmosphere. Steam correspond to 50°C to 70°C of decrease in 
temperature. This is because OH" ions contained in the film 
weaken Si-0 bond in Si02 network. 

2.2 Humidity resistance 

When reflow film is applied to interlayer insulation film, 
increase of doped amount of boron and phosphorus results in 
lowering melt temperature (corresponding to softening point in 
glass) allowing low-temperature reflow. However, hygroscopicity 
increases. From the standpoint of reliability, upper limit of 
doped amount should be figured out. 

Time dependency of deuterium oxide penetrated into BPSG film 
in high-temperature moistening test compared to PSG film is 
shown in Fig. -4. Deuterium oxide (D 2 0) is used to avoid 
influence of moisture (H 2 0) in film and atmosphere. Depth of 
diffusion increase in proportion to t n (t: test time). "n" is in 
conformity with the results of Levin. In addition, depth of 
diffusion of moisture increases along with increase of boron 
concentration, but decreases along with increase of phosphorus 
concentration . 

Phosphorus is solved out along with diffusionof moisture. In 
case of PSG, not less than 8-9 wt . I concentration of P cause 
corrosion of aluminum. This is because dissolution of aluminum 
in phosphoric acid generated by the reaction of phosphorus in 
PSG film with water. The relationship between phosphorus 



leaching rate and concentrations of boron and phosphorus are 
shown in Fig. -5. These samples are pretreated at 900 °C for 30 
min under N 2 conditions. In case of BPSG film, phosphorus solves 
out sharply in the phosphorus concentration of 9wt . % or more, 
therefore, such high concentration can hardly be applied to 
plastic mold-type IC. Although phosphorus leaching rate is not 
so high in less than 9 wt . % concentration of P, the rate has 
dependency of boron concentration. Fig. -6 demonstrates boron 
concentration dependency of phosphorus leaching rate in high- 
temperature moistening test. Phosphorus leaching rate increase 
along with increase of boron concentration and test time. 
However, such amount of leached phosphorus will not cause a 
practical problem. 
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